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(54) SUPERJUNCTION SEMICONDUCTOR ELEMENT AND MANUFACTURE THEREOF 
(57) Abstract : 

PROBLEM TO BE SOLVED: To elevate breakdown 
strength, in a super junction semiconductor element 
which is equipped with a drift layer, consisting 
of parallel pn layers letting current flow in on 
conditions and also being depleted in off 
conditions. 

SOLUTION: This super junction semiconductor element 
is provided with an n high-resistance region 20, 
around a drift layer 12 consisting of parallel pn 
layers composed of n drift regions 12a and p 
partition regions 12b, and concentration ND of the 
impurities in the high-resistance region 20 is set 
at 5.62X1017XVDSS-1.36 (cm-3) or lower. But, 
VDSS shows breakdown strength (V). Furthermore, an 
n-channel stopper region adjacent to the high- 
resistance region 20 is arranged. 
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(54) BS^oftfo] a&£¥«#&^*<fct/^<D$^fc 

(57) [HfcjJ 

M&¥WL] n K!J7 h««gl 2a ^ptt^fi&l 2 

"XfittWK 2 0 Srim, n "iifl&fcSi* 2 0 
4&&£N D £5. 6 2X10 17 XV DSS - L36 (cm" 3 ) 
£TF£1-*o (atV^sttWff (V) -c*>S # 55m n"B 



ft 

11 n' KWV* 15 Y-NfcWI 

U K*?f« ic y-t«ffig 

12aoK'J7VIWl 17 

!2b ptHMfitt IS FM>«ff 

Ua of-***** i» fcexi 

lb p**A«* 2D n-*ttflt«* 




-1- 




&n d #, mm&¥m&m*<omiEzv DSS <v) t u*: 

££\ 5. 6 2X10 17 XV DSS - K36 (cm- 3 ) STFT 
h* Z b m&L b 1"*»M 1 ISft^S^^ft:^ 

»M 1 *fctt 2 

1W* *-*-*»M 1 £fctt 2 IcfBftogg^^a*^ 
OT*«C** £ JxT V ^ 3«S LT V ^ £ £ & 

rtMIOtfe^iJpn^O#^(DiE^(D^ 

©«8«<0jE*O^FtttefiiS, tt^Jpn 

<*>*«4feS £ »I3? « L V > r b mm * 5 Sf^^ 6 fcfiB 

[MM 9] =«-t-siimss-ii^Ky7hffi 
&<o*mi&b\*\m v^zt mmb -r *n m 8 ic 

zm-mwm W7hmm m-mf§.mt±® r> <m b & 




« L < -f 5 C * +*rate^fl***>M6* 
[■Ml l] B-£3gr<oiffi^ 

^OA«ottMpnJ|0««K«>^^&AB8IJ: 
^Ortfl9<0^pnJiO#««©jEi*<0^ttto4«: 

mm v<+*zb mm b-fz>m&*mm*<D® 

*>VtmvttM$iZ%L'tb b W£*7Vt1BrCtX&2L{kt 

[■Ml 4] tWB^Y*^ hy'WJUS. ^JUpn 
JKHMB^SoTV^rfctrMtfcl-dMsMl 2IS^ 

[■Ml 5) tte^ir4^ ^pn 

[■Ml 6] m&*t*ArX Yv/<W$\Z.^^^V7, 

V r/'<mM&&mZtiX\,*Z>Z b *«f«fci-^5»M 1 

[*W<0»|B*RW] 
[000 1] 

[*W©JR"r5ft»»J3F] ^^tt, *>«1R-Cltni 
**"ffci:t>*c, *7tt«T*tt^ft-r6^pnJld» 
6>ft*WJ4«H[«a**|*.SMOSFET (Ife^y- 

Ml#Mh7^^) . IGBT 



-2- 




[0002] 

h'V7 him&mizjjfok, *ym<D&s<>(Tx 
[ooo3] z<D®m\czrtz>M&mtvx. pyyh 

EP00 53 8 54, USP5216275, 
USP54382 1 5&£Xf*%W<D&W%b\C£Z>m 
9-2663 1 1 *^#til0B3sS*t"C^S. 
[0004] IEI10H, USP5216 2 7 5lC§g^$ 

ix£ KJJ y hMl 2&n b'Vy h«*l 2 a kpitty*) 
$)XhZ>« i3attp!)i^ 13bttp + 3^ 

[0005] CO Y l )y YM 1 2 fc£0i|x-fi£ x n + KK 
V/I l l £1^* M/- h t LT^tr**^A-&lcJ; 
•K ii5&ft<On®I£fik&U i!iRtel;in + Kl^>Ji 

i 2 a £ bfc&, S(C K l^V^JC^^^^^-t/P^lC 

J: o pii^ lt p itw vmm 1 2 b 

[0006] ^V^-Cltm 

^^rt £ t>i-, *yw&x\±Qi£fc-rz>%mv nM 

[0007] 

[&H*s#fcbJ;5*i--&sii§] ba>u m&n&mx 




[0008] H^fcME*®* bTtt. K 
y y^7^-;uK^^ h^OT^^ti^ #-K 

[0 0 0 9] £©J:54«Rfc»^*W©@fttt % ^ 
[00 10] 

[ooii] t^jp nJi©«fflicB»tt««£Krj-c\ 

^©WJESrVnss (V) £bfc£t. 5. 6 2X10 
^XVpss" 1 * 36 (cm" 3 ) £lTXhZh<Dki-Z> 0 

[0 0 12] 6 2X1 0 17 XV DSS 

- 136 (cm" 3 ) UTto&m&Xhtltf* mcvtx<D£ 

oK#-vv>mm%zis:vti:<xh. &tmi*+to 
^fflic Ky ^ k 

«OTa(c^$tfC^5©^tJit*l^bTV^t><D 
[0013] SSSt««<Djgffl(ciis«a;fii*t^-»S 

bT. ^oi:t>*tt^*3ttbrWt, **ff^y^«E 
MB?***';* hy^««-C«t>tt"CV^ , bcot^ 

[ooi4]^ P n»(o«Hic, 0-««S(oBsa: 
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»t=« y^y t- h $ji5i^/>/j: < /j: 9, ««« 

[0015] ttMp nAojnni^ SS-«mStf>i§${gfi 
EfllpnSoJBHlc; JB-»«S©ii5«8i«* 

[0016] ±fBo<t 5 *«a^*»ft*^ ©9B6*te 
SfRSr. ^Er^rtttlO^Jp nI<0#Stt©>f^yftAi 

[0 0 17] 

EaffiKa5<5v^r»W1-6 # **5»T-en*fcttp«r»IB 

MOSFE TOH»»0»5MKKH-C*) 0 . B*>*«# 
n f-y^iMO S F ET£>Sg"C£><5 tt 
[0 0 1 8] BUfcttWC* HttH8tOn + KW 
1 2»n Ky7hWCl 2a % pft9IO«*l 2 

ttx pft9io«*i 2b\cmmvxp^^/^mm 3 a 

a*JfeftS;hrcv^ # p*^/^&l 3 aortSBlcn^y 
4£&£&<Dp+=»v** 3 bhtf 

1 2 a i: p •> ^/l^^c 13a 4>$ffi±lCtt % 

r-himmi s*fri,x£>mM i $'}) =x><D#-hnm 
3 bo*ffii!:*iiictttt-ray-^m«i 




W 1 8 #RI* MvCV**. 1 9 Hfeffi^S^ £ 

^##7* (psg) a>e>**o y-^tinn, 
k»7 mii 2<D5hvv7 hnmmtizott, 

1 2b£*&fctt7»pnJ|fcK!>7hJ|l 2i*-RCfc 

[0 0 19] nK!)7hfl*12ai:ptt9ID««12 

6 0 8«£^ft£*©a#tt*^Tfc* h*9 7 Ml 
1 2©JS»"C, pttB>9««l 2 bOMUCnUtm 
m&ZOtW&ZtlX^Z&tftf'ilshXhZ. n KJI 
7 KWtl 2at pft«0«*l 2 b &'0¥Bttfe)H* 

[0020] WfLtZ, 7 0 0 V^7XOMOSFETt 

tS. n*KW^JIl l<OJt«Sif40. OlQ-c 
m v I$3 50/im, KD 7 hM 1 2 <Og>£ 4 8 m m, 
n K97h«Jfil 2a*>J:t;p{t^0^1 2b4>tl5 
Mm (i"4fc>*). HlMHS^+fcRBIBlOjim) . 
7MHHUC3. 5X10 15 cm -3 . p^|l3a 
tf>ftfc#?£ 1 /i nu &ffi**«&iBS 1 X 1 0 17 c m" 3 , 
n-7-^««l 4<Dtmm$0. 3 /xm.. $S7*Efe 
■ft'l X 1 0 20 c m -3 , n-JK&&L&M2 0 O^Fffi^S 
f 7. 6X10 13 cm" 3 ^T, (12 0 0^^, 
[0 02 1] n 2 OWU «X.tf^tT^^5/ 
*/^rt*fcJ;DJ&ft$jT,5. nK!)7ha«12alln 
2 0 iCRtt b^/cS t) Tlf SlStcic t^^ *f 
■Y^**lcJ:ij*«S*t. XKCpfHDDWKl 2bttt, 
n.K9 7 2 a ICR^ e>ftfc« D TtfU\C=m# 

**S**>f$.&\C±VfE& [ \sXMfSrtrZ 0 W2 (a) tt. 
^F^SS^n^^/ix-cfc^ ptt9J0««l 2bf±. 
n K9 7 hfWfil 2 a £«B*lfc&»«*r$L<, «t> 

«WFb<i-*©^ mmz&i£<ki,ximi£fctz<D\z 
mixhz. 

[0 0 2 2] il(D«^MOS FETtDUdm^x 

^1 3 a<o^ffiSlc:s<ES*sR3B$Jx. n*y— 
1 4A»?>ReiSriiCrn^-t*/v«*l 2eCS^ 
&A£HS d ^OSfeA$ixfc«^n Ky7h«*l 2 
aMCtn*K^y|lll:lU KW^ISl 

[0 0 2 3] y-hm^l 6^0jE©mBE* s *9*b 

*t6 1 . p * */H»« 1 3 a (ommmim® tstitiKm 
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tt§Jt)^l 2 bttp !>x;^l 3 a 
W.mi TT^^ttT^SO-C. p!)x;^13ai: 
n^ir^^^cl 2 e^(0^cOpn^J a x nK!)7 
h#M£l 2at ptt^JO^l 2 b £ORf]<Dp ng^J 
b^P>^tv^^5:^n K9*7hWgei 2 a, p«tt$J 

[0 0 2 4] png^J b*»6><02S^«tt % nKJ7h 

6, ^ot, nK!)7 hfiig 1 2 a.<D*«WBa£jgfc 
SC^TtS. *fcp{W0 9«#l 2bfcRWrlc££ 
fc£ft* 0 ptt9J9«*l 2 b feffiMttp n»&d>feffi 

12bin K97 hWKl 2 a t ZXK&BffcrZ Z t 

\zx *> , mm-rz n k y 7 hem 1 2 a o^jsr^stt 

P*t9l9«S6l2bOtt**«Sr¥«"C*. n 
3. 

[0 0 2 5] tfjxtf, «*0*JB©*««tK!l7hJiS: 
itogSMOSFETTU 7 0 0 V?7*V>®mt't 
afcfclctt, K»7 hJil 2 07|«HftJC&tXtt2x 
10 14 cm"* 3 , *$8 0fimttttK-Ct)o^ *H 
ttffl4)&&&MO S F ETfli, n K!)7 h^*£ 12a 
©*#MMR««:F*< tfcrart, *<DZt\c£*) K0 7 

MB 1 2^$Sr»<T?§fcfc«), ^fiR'fclTttlH. 

[002 6] n-«tSf* 2 0 O^MIttaiC»iLT 
^fllO n ft *^SMO S F E T ^ W U 

nft^fMOSFET^fJE (V DSS ) (0?F#6 

«S2 0OT^ft|t, ttttttKS (V DSS ) -CfcSp 

[0 0 2 7] n'Mimmm2 O0»filN D ^, 
5. 6 2X10 17 XV DSS - 1 - 36 (cm" 3 ) ttUUttim 

5o :Htt, ^es^ n -n«$ifiitt2oo7t««« 

rt»OKP 7 h@l 2<D$P^t-^5t$HT 

[00 2 8] 18 jm$feSttttit£E V dss O 1 . 36H 
tC^tt#|LT^££>T\ i^V^&miE<DMOS FET<0 

StttEEOMOSFETm R^**M»*-CftV\ 




lot, X^^^<X^nfi:v>5fiJ^.$)-6. t>*> 
[0 0 2 9] ft**, n K9 7hMtl 2a<0«*»< 
5. 

D»KM2] Hl©J:5ft»ffiS:t>oaS^MOSFE 
TO^tJp nJiOMS**^ LT, xW**/t^tt 

t>hs n"?f5«ft««2 0S:3itr^^>ir^jft«t"5X 
&«T»iUft9Xl,fcflL JIWWlCi9*Htt**rn Ky 
7h««l 2a&p{HD9ttKl 2biSr^i-a^t 

[0 0 3 0] B4tt, 7M4feo«)bi&^ttttj:ai^^ 

OSFETOfl»«(D«4>lKBoH"Cfc<5. 
fc©»VM±n K!>7h«fcl 2atptt9lD«itl 2 b 
t ©rtfflfc^l?«»#R£* t fc «t 5 ft^FMMSlCd 
*^*a^fc-CJbS. V*** iK«tn:«*2 0*5nS!T?fc 
ffiJ9pn*(0*^»Sptta9««-C«><5»^, * 
o«mopttB9«K*rl2ci:U rt«Optt8D9 

[003 1] ptt9)9«*12b, 12c£, 72^7 

* ^mn<ommbtmx t mm k * o -c««t a £ % 

**B7 5 ov fes^dRfiEftitoe o ov icftTLfc. 
02 (b) ft, CiO]SHS:«W-**55Ftt««ft"/n7-f 
A^C*6. Kf -££^lf*X^1r:/ 

[0 0 3 2] p'tbSD9«Kl2b. 12c^ 

2btt, ^nK!)7F««12a-CR*jxt*59, 
r-*ptb«5««l 2 c«, frttl^n K97 hWKl 2 
a-C&fJ, t>5-*Ofl!lttn"S5«Si:ffi*2 OtftoT 
^5. n _ K«Si«*2 0OH|-Cptfc«I9« 

«1 2c<DT>-fe^^F*fi^=>V-<V-fe-M-^fidS 

[0 0 3 3] W8ft, ptt99«*12ctt, ptt^I 
9««12bJ:9«^j2:<, M*Mtt*ftt>X<fto 
tU9£Otfc5. B5tt. »ffi©ptt9I9«*l 2 c 

® I? 12b (ojE^n^mvm^it vit P tt^j 9 

[0 0 3 4] H*>e>ptt«)0««i 2c^»fl:tt 
§®iid5$>9, ptt9JD««l 2bo^F^m<b^Clc 
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^12b, 12ch nK!J7Wl2ai:« 
[0035] *»«^*yai^j:tf»a:«fcj:0 ptt 

S9«*i 2 b t pitmvm^i 2 ch*vmtzM&\, 

06tt x WJE<B**«Opft«>9«JjU 2c^^g 
tfe#tt«r*i-»ttH-C*>5. «ttt*pttis09SI#l 2 c 

<&^**«, *a*tt»flE-e*><&. pttaiD««i 2bco 

^^«I22. 5 M m s K5*K-X*«rixi 0 13 co 
[0 0 3 6] gcftW<Dptffl*)m%il 2cCD^*^*IlC 

ptt«l9«#l 2bOjE*^«*»*fc«L<i-Sft^ 
«^.tf**«Optt«D*)««l 2 c 
©^^^««rrt«Optt«l!J«*l 2 b bmtb LtcWf 
£WU fiffifcM$6 0 0V fc«T1-*. 
[0.0 3 7] B7ttpffcSl0«#l 2c^^$r 
1. 6 mid t l^ftt^O^n^&yuy^/vch^o 

[0 0 3 8] B8H*Bftl^tyftAffi^^^<D3 

1 2DI&&VVC, ^**«#SKftoTV*<5^MLML 
60 «xtfrt«Optt9JD«*»*ttl 2BOy^^ 

«t2. 5/im-ci)l *^MWOptta9«*o«rt»i 
2C43J:uf=i-^— «Optfc9)»l«*©«riS»«ai 2 
D©^**«Wtl. 6/xmT-fc<5 0 £11 1 2 Attn KU 

Wtptt« 9 1 2Cd3Ai;3— «Optt 

®*>mm<oj&jm&m 2T><D&zmz.t&bit&xib 

[0039] »±0*«tt, 3feJ!l p n n K 

MOSFET<D»»»faDB"e*>9, ^ttDnft^M 
OSFETO^-C^, 

[0040] B9tC*5Wt\ ptfc^J9««l 2b0^91 

icn'S5«si:««2 o*sEia$nTv>5^wcBi tmc 

XhZtK ^rO n -«««:«« 2 OlcB»LTn^Y* 
/V* h 3//*««2 1 *SK«**tT*5 9 , n T-***'* Y 




* h 2 1 lcffit>nr 9 , n ^^jVt. \> 

W&2 l<0*ffiJcS»U-C^ir*^ hy^mffi2 2* 

[0 04 1] rom^tt, n 2 0(O«ft* 
LT, Wx.ttl 5 0 mo £ LT, Hlkfl 

h ^ fc ft * «rt -eft < ; * T'^iii t> *r-<r k 

[0 0 4 2] AU nfir^hy/«21«f 

^y^«ffi-eftitii«ftbftv^rt-ettft< > n^-v* 

;ux h y/<«#2 1 *^-efi#W<D*$*««fcBiJ© 

ms2 2o^srKy ? hmi 2<Dm®K®vxi>hz>m 

[0 04 3] ft*J % «±©SB6«H:V^i*tit>n^-t*^ 
M<OMO SFETt MO S F E T«*feft < , 

IGBT-et>^«©»*3ft5»5>n-5. *fcpn^*- 

[0 044] 

[0 0 4 5] S«St«*CO^*efeSSN D (cm 

~ 3 ) 5. 6 2X10 17 XV DSS " 1 - 36 (V) 0Ttt 

[Bffioffi^ftRR] 

[0 i ] *^wni60! i ©jbss^mo s f e r<on$m 
mm 

[02] (a) WtSafc«l©«»&MOSFETlCtelt 
*5F>fi»*«ya7-fA'B, (b) »«fifl2 0S8^ 
MOSFETkLfert5^«4fe»*ro7-f^B 

[0 3] HJte0!llO^^MOSFETIC*5^SBflEO 

[04] *&mmi&m2omm&MosFET<DM&m 
mm 

[0 5] Hlfe«2<0jBS^MOSFETlCfcrt5»ffiO 
ptt§I9«*l 2c©5F«4fe*ftfttt«r^-r«H4B 
[0 6] Hj»«2<0«»^MOSFETlC*5Jt5»ffiO 
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l®7] OkMit IstcMlfcffl 2 Oii^MO SFET \C3o 

7 >f /Ma 

[09] *%W%MM 3 «^MOSFETOg|5M 
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